Abstract: Within the fields of knowledge management and risk management of projects, the transformation of the existing knowledge in the organization into competitive advantage was proposed in order to make the decisionmaking process possible. The main purpose of this article was to select an approach to knowledge management that gathered the applicable criteria to the decision-making and risk management of projects in technology-based companies. It was intended to describe, analyze and select the approaches to knowledge management through the use of the Analytic Hierarchy Process (AHP) method. The chosen structured lines of research for the selection of the approach were: Nonaka and Takeuchi's; Davenport and Prusak's; Stewart's; Sveiby's; Terra's and Choo's proposals. The selection was based on the geometric average of the judgments accomplished by six specialists, whose data gathering were collected through direct interview. The adopted method of research was modeling research. The study resulted in the selection of Nonaka and Takeuchi's approach as the most adjusted according to the considered criteria.
The technology-based companies are in an environment of competitiveness and risks, in which fast changes occur and the companies must be prepared to absorb. One of the main decisions in this environment is to reduce the time to place a product in the market and the capacity to use the current company knowledge, which will enable the decisions made to result in its competitiveness and survival in the market. Dahlstrand (2007) defines a technology-based company (TBC) as the one that depends on the technology for its growth and survival. It does not usually mean that the technology must be up-to-date or an innovation. New products can be the result of processes of creation, socialization and knowledge storage for all the company. These are accomplished by managers who materialize organizational knowledge throughout projects that involve uncertainties. Cooper (2003) affirms that the knowledge management systems have a strong potential to help risk reduction, due to their gains, excellent information processing and knowledge encapsulation resulting from a great variety of internal and external sources, corroborating with Davenport and Prusak`s concept (1998) , that knowledge is the only sustainable source of competitive advantage.
The main goal of this article is to select a knowledge management (KM) approach that refers to the applicable criteria to the decision making and risk management in projects of technology-based companies. It specifically aims at describing and analyzing the approaches of knowledge management and using the Analytic Hierarchy Process (AHP) method to further assist the determination of the adjusted approach to the considered criteria. The prioritization of the main approaches of KM is not intended, ever since they are only complementary, but the assessment whether an author or authors possess a higher interaction with the established criteria in this research is. It is also intended through the analysis to answer the following questioning: Which approach of KM presents greater interaction with the related criteria of decision-making process and risks in TBC projects?
This research is of applied nature, has exploratory purposes and the approach to the problem is quantitative. The method adopted for this study was the modeling (BERTRAND; FRANSOO, 2002) . The article is structured, firstly in the concepts of KM and decision-making process in the selection of the authors and the description of their approaches. Later the contextualization of the aid to decision doi: 10.4322/pmd.2011.002 Analytic Hierarchy Process applied to the selection of knowledge management approach in technology-based companies Neves et al. 14 with multiple criteria is presented. Finally, it presents the stages for execution of the AHP method, the results and its conclusions.
Knowledge management and the decision-making process
There can be found in the literature different definitions for KM (NONAKA; TAKEUCHI, 1995; BOLLINGER; SMITH, 2001; ADAMS; FREEMAN, 2000; ROWLEY, 1999; DAVENPORT; PRUSAK, 1998; SVEIBY, 1997; QUINTAS; LEFRERE; JONES, 1997) . In this study, the Nonaka and Takeuchi's concept was considered (1995), according to which KM is the process to create new knowledge continuously, spreading it in the organization and incorporating it in a quick way to the new products/ services, technologies and systems.
In the organization, the problems present greater complexity and involve a set of uncertainties, requiring the opinion and the participation of a larger number of people, being able to involve some functional levels. Thus, the decision-making process must be well structured, legalized, consistent, clearly treated and disseminated in an adjusted way, so that rumors do not occur. Furthermore, Cooper (2003) claims that, repeatedly, the decision-makers are incapable to act correctly, not due to lack of knowledge, but because they are dependents or misguided by the inexact information that the support systems transmit. It is necessary to make use of data and information that will be transformed into knowledge in order to allow a better decision-making, explicitly, the use of knowledge with wisdom. Regarding the decision-making in projects, the knowledge management can be used to take trustworthy decisions in relation to the strategy, competitors, customers, distribution channels and products and services life cycles (DAVENPORT; PRUSAK, 1998) . The employment of KM as the support to the decision-making process consists of a subject of innumerable researches (PADMA; BALASUBRAMANIE, 2009; RANTAPUSKA; IHANAINEN, 2008; NICOLAS, 2004; COURTNEY, 2001; METAXIOTIS et al., 2003; HOLSAPPLE, 2001) , hence the capacity to make a good decision is very important for the success of a project (AL-HARBI, 2001 ). Comprehension and response to the risks in a company is a task that depends on the intellectual capital of the company (NEEF, 2005) and one of the most powerful tools in the risk management in projects is knowledge (COOPER, 2003) .
Describing and analyzing the approaches of knowledge management
In order to deal with specified goal, the main authors on KM accessible in the literature were identified. According to this survey, the selection of these authors was determined and the bibliographical study was accomplished. The scope of the study can be observed as follows. Serenko and Bontis (2004) accomplished a research on the main publications related to the area of KM and Intellectual Capital (IC) published in three journals: (1) Journal of Intellectual Capital (JIC), (2) Journal of Knowledge Management (JKM), and (3) Knowledge and Process Management (KPM); the objective of the research was the identification of the most cited publications and authors in the KM and IC field of application. The results shown only consisted in the ten more cited, and can be observed in Table 1 .
Selection of the main authors
A similar research was accomplished in Brazil by Fell, Rodrigues Filho, and Oliveira (2008) , in which 6.096 articles presented in the annals of the ENANPADs (National Meeting of the National Association of the Programs of Post-Graduation in Administration) raised and evaluated the citation frequency on KM in the period of 1997 to 2007. It is observed in Table 2 that, in Brazil, the Terra's Approach was included and was considered the most cited.
The step of selecting the alternatives to compose the AHP was performed in a participative way among the authors of the research and the specialists, in which the four most cited authors in Table 1 (Nonaka and Takeuchi, Davenport and Prusak, Stewart and Sveiby) were indicated to compose the alternatives. In addition to these, the most cited Brazilian author was included, available in Table 2 (Terra), and an indication of the author Chun Wei Choo was also incorporated by one of the specialists, though it does not appear in the surveys previously presented, it has a contribution for the research which is related to the decision making process. The validation of the determination occurred with all the specialists. The election for the analysis of the model, and to compose the alternatives of the AHP, can be observed in Table 3 . The next step of the research consisted of the description and analysis of the KM approach, in accordance with the selected authors.
Description and analysis of the KM approach
A comparative representation of the selected authors was elaborated (NONAKA; TAKEUCHI, 1995; DAVENPORT; PRUSAK, 1998; STEWART, 1997; SVEIBY, 1997; CHOO, 1998; TERRA, 2000) , and can be observed in Table 4 .
The analysis of the previous table allows to identify that there is a distinction between the authors' content regarding KM, intellectual capital and knowledge organization. Moreover, not all of them contemplate the requirements established in the comparative chart in its publications. After the bibliographical revision and elaboration of the table, the next step of the selection to the KM approach was the SHANG, 2007). As the AHP is a multi-criteria process, it is necessary to combine the priorities of the alternatives derived from the different scopes (SAATY, 2006) .
Although there are in the literature potential limitations of disapproval related to the AHP techniques (DYER, 1990; BARZILAI, 1998; BELTON; GEAR, 1983) , it has been used successfully in a variety of areas and for different purposes, such as: decision-making in what it refers to the allocation of resources, forecasts, associated use of the approaches as well as the Total Quality Management (TQM), reengineering processes in the businesses, Quality Function Deployment (QFD) and Balanced Scorecard (FORMAN; GASS, 2001). For evaluating and ranking potential suppliers (LEVARY, 2008) , selecting the best machine (CHANG et al., 2007) and transportation fuels (POH; ANG, 1999). Revisions on its applications throughout the years can be seen in Ho (2008) , Liberatore and Nydick (2008) and in Vaidya and Kumar (2006) , whose studies also cite the use of the AHP jointly with mathematical programming and other multicriteria tools such as Fuzzy Theory and Multi-Attribute Utility Theory (MAUT). Drake (1998) presents the benefits offered for the application of the AHP in the education of engineering. Based on that information it was adopted the use of the AHP in the present research. Figure 1 presents an example of hierarchy for a problem of three levels.
The AHP method provides a structured framework for setting priorities on each level of the hierarchy using pairwise comparisons that are quantified using 1-9 scales, according to Saaty (1977) as presented in Table 5 and Equation 1.
(1) 
Tool to the multiple criteria decision-making
According to Saaty (1990) , the use of the AHP for the decision-making is a theory of relative measure, based in comparison between pairs, to get tables of normalized absolute numbers which elements are used as priorities afterwards. Matrices of comparison between pairs are formed providing judgments, esteeming the dominance using absolute numbers in a scale from 1 to 9 (SAATY; 
Stewart (1997)
Intellectual Capital is intellectual matter: knowledge, information, experience, intellectual property, experience -that can be used to create wealth.
Organizations based on the creation of the organizational knowledge make intensive use of the knowledge, substituting its traditional supplies by means of information, assuming three forms: Human Capital (HC), Capital of the Customer (CC) and Structural Capital (SC).
The necessary tacit knowledge if it is to become explicit; what was not said needs to be spoken out loud. On the other hand, it can not be examined, be improved or be shared.
Davenport and Prusak (1998)
The KM is composed by a set of processes that searches the knowledge creation, its registration and transfer altogether with environmental support.
Separation between data, information and knowledge. Transformation of the information in knowledge: it is possible through comparison, consequences, connection and conversation. Generation of knowledge inside the companies: acquisition, devotion of resources, fusing, adaptation and networks (net). The knowledge is inefficacious, if it will not be used.
Codification and coordination of the knowledge: to make use of the organizational knowledge in a way that it becomes accessible for the one needing it. Transference of knowledge = transmission + absorption (and use). Knowledge market : it recognizes the interest that the individuals have while holding the knowledge they possess, and to share what they need to receive in exchange.
Sveiby (1997)
KM can be understood as the art of value creation by the efficient use of the intangible assets of an organization.
Levels of perception of the process of knowledge management: Individual perspective: it includes the motivations and the capacities of the individuals; Organizational perspective: it includes the resources and the essential abilities of the organizations. Its proposal is called "monitor of intangible asset" supported in 3 anchor areas: growth and renewal, efficiency and stability. The model of evaluation of intangible: a) employees competences; b) structure; c) external structure.
It claims that the people are the only agents of change and the other assets are resulted from the human action. Transmission: Information: indirect by means of vehicles (lectures, training, etc). Tradition: direct, person the person, experience, communication.
Terra (2000)
KM is an effort to make the knowledge of an organization available to those who need it, when it is necessary, where it is necessary, and how it is expected to be necessary, aiming to enhance the human and organizational performance.
It specifies seven dimensions through managerial practice from which the KM can be understood: dimension 1) strategic factors and the role of high administration; dimension 2) organizational culture and values; dimension; 3) organizational structure; dimension; 4) administration of human resources; dimension; 5) information systems; dimension; 6) measuring results; dimension; 7) learning with the environment.
______

Choo (1998)
Defines knowledge organization as the one which has information and knowledge that make it well informed and capable of perception and discernment. The processes of information are the basis to create meaning, building knowledge and decision-making.
The methods of creation of the meaning are: interpretation, selection and retention. Knowledge process in the organizations: tacit knowledge, explicit knowledge and cultural knowledge. Creation of new knowledge: new knowledge is created by the conversion of the knowledge, the construction of the knowledge and the connection of the knowledge.
How the organizations use the information: it detaches three distinct fields where the creation and the use of the information play a strategic role in the growth and the capacity of adaptation of the company). a) To create meaning (sense making); b) To construct knowledge (knowledge creation); c) To make decisions (decision making). Product: Management & Development Where ai,j represents a quantified judgment on wi/wj with aii = 1 and a ij =1/aj,i for i, j = 1,….., m. If the pairwise comparison matrix A = (ai,j)mxm satisfies aij = aik.akj for any i,j,k = 1,…, m, then A is said to be perfectly consistent; otherwise it is said to be inconsistent.
Form the pairwise comparison matrix A, the weight vector W can be determined by solving the following characteristic equation (Equation 2):
Where lmax is the maximum eigenvalue of A. Such a method of determining the weight vector of a pairwise comparison matrix is referred to as the principal right eigenvector method (EM).
Since the Dm may be unable to provide perfectly consistent pairwise comparisons, it is demanded that the pairwise comparison matrix A should have an acceptable consistency, which can be checked by the following consistency ratio (CR), according to Saaty (1990) by the Equation 3.
Where RI is random inconsistency index, whose value varies with the order of pairwise matrix. Table 6 shows the RI values for the pair wise comparison matrices with the order of 1 to 10 (SAATY, 1990) . If CR ≤ 0.1, the pairwise comparison matrix is thought to have an acceptable consistency; otherwise, it needs to be revised (SAATY, 1990) .
For the application of the method AHP, the total number of matrix of judgments is given by the Equation 4.
See example follows using AHP for calculus criteria vector (Table 7) .
Application of the AHP
The accomplishment AHP method was based on the stages proposed by Ho, Dey and Higson (2006) , as shown in Figure 2 .
The software Expert Choice ® was used in the research problem, by means of method AHP.
Developing hierarchy of problem
The model with objective, criteria, sub criteria and alternatives, was elaborated according to Figure 3. 
Accomplishment of the judgments
Provided the domain in the approached topics, six specialists for the accomplishment of the judgments were selected (Table 8) .
The chosen specialists also research technology based incubators with national reference. The number of judgments to be accomplished defined by Equation 4, were: 3 criteria generating 3 judgments and 6 alternatives generating 15 judgments for each criterion, which totals 48 judgments for each specialist or 288 judgments in the total.
There are three ways of combining the individual judgments in order to form a sentence for the group: According to Saaty and Shang (2007) , the first one is the voting consensus, when the decision making happens in a group and it is necessary to add the preferences of the individuals in a classification consensus, which requires that the group should make in agreement with each entrance of the judgment matrix, which is difficult to reach. The second technique consists in each integrant of the group to firstly accomplish the judgment and secondly to group them by means of the geometric average. According Saaty (2003) , the third one occurs when the judgments between the individuals that compose a definitive group are dispersed; being necessary to group the judgments by means of an eigenvector. Regarding this study, the consensus was adopted by means of the geometric average of the judgments of the criteria and the alternatives. The relative importance between the criteria was established using the fundamental Project Management/Risks had presented a CR lower than 0.1, presenting consistency. It is observed that TBC is the criterion that received greater weight and, therefore, presented greater importance to reach the objective established in this research, followed by Decision Making Process and Project Management/Risks. Multiplying the judgment of the alternatives (Table 10 ) by the vector of importance of the criteria (Table 9) , the vector of decision or the vector of global performance is determined, in the synthesis of the results using the Table 11 .
Developing overall priority ranking and analysis of sensitivity
It can be observed, through the analysis of Table 11 , that the approach which presents superior weight in relation to the established criteria is Nonaka and Takeuchi's Approach (0.268), followed by Davenport and Prusak's Approach (0.231).
After that, the global analysis of the weights of the criteria in relation to the objective and the performance of the alternatives regarding the criteria was accomplished, considering the criteria of Decision Making Process (C1), TBC (C2) and Project Management/Risks (C3), as can be observed by means of Figure 4 .
The weight of the criteria regarding the alternatives presented in the TBC (C2) criterion attended 0.366 of the objective, afterwards, Decision-Making Process with 0.352 (C1) and Project Management/Risks with 0.282 (C3). Regarding the considered objective, the criterion of superior weight was TBC (C2). Analyzing the alternatives in relation to the criteria, for the criterion of Decision Making Process (C1) and TBC (C2) alternative Nonaka and Takeuchi presented greater participation in relation to the others, for the criterion of Management of Projects/ Risks (C3). Davenport and Prusak, on the other hand, got better weight. The application of the method AHP indicates that the selection of the approach of Nonaka and Takeuchi (alternative of higher value of decision vector) as the one that better fits the established criteria. SAATY, 1977) . Table 9 shows the results of the grouped judgments of the criteria. For the matrix of judgments of the criteria (Table 9 ) the judgments had a CR of 0.00, presenting consistency. Table 10 presents the matrix of judgment of the alternatives (grouped), that is, a composed matrix for the values of performance of the alternatives for each criterion. The CR of the matrix of judgment of the alternatives in relation to the criteria of Decision Making Process, TBC and The final priorities are very dependent on the criteria weights. The sensitivity analysis aims at evaluating the limit that permits flexibilizing the weight of one definite criterion, making the occurrence of inversion of the alternatives possible. This evaluation can be determined through panoramas proposals that supply information concerning the stability of the result. If the result is sensible to the small changes in the judgments it should be reevaluated. For the criterion of Decision Making Process (C1), according to the greater weight (0.352), the alternative of greater participation is Nonaka and Takeuchi, once any other weight associated to this criterion could not intervene with the result (Figure 5 ).
For the criterion of TBC (C2), it presented the greatest weight (0.366) and was identified that, if it was reduced to approximately 0.22, Davenport and Prusak's Alternative would be the dominant one (Figure 6 ).
For the criterion of Management of Projects/Risks (C3), with weight 0.282, it was identified that if the Nonaka and Takeuchi's Alternative had raised to approximately 0.58, it would have been the dominant one. It was verified then, the importance of the analysis of sensitivity for a better understanding of the variables that compose the decision model.
Discussions and conclusions
The KM approaches present similarities and contributions. However, its application in specific contexts, such as project management, Decision-Making Process and technologybased companies, lead to the selection of the approaches. The comparative description of the KM approaches, accomplished in the theoretical enrichment, led to the selection of the Choo approach proposal as being the most adjusted. However, in the context of this research, it was one of the approaches that were less indicated. It was perceived that the Nonaka and Takeuchi's Approach was selected due to the fact that they based their theory on innovations (new products/services, technologies and systems) of the process of product development. The new products are considered as projects for the incubated companies. A factor that corroborates this evaluation is the fact that the criterion TBC has gotten superior weight in the evaluation of the specialists. Davenport and Prusak's was selected as the second option, in accordance to the established criteria, probably due to their focus on the generation of knowledge, its registration and its transference in order to support the managerial performance and the management of projects by means of the use of knowledge and its techniques, and attributable to cite: learned lessons, repositories of the knowledge, practical communities among others. Another important point worth noting is that the approach selected in this research was considered for the use in incubated TBC's, and will be applied in the conduction of a case study, and provided that its enclosure in other companies will have to be analyzed. It was perceived that the proper analytical reasoning on the subject in its different perspectives, generated discussions that had significantly contributed for the learning, acting as a generating source of knowledge. The method AHP showed to be an adequate and easy handling method, making it possible to enhance the interaction of people with the analyzed problem. For future researches, it is suggested to increase the number of criteria, with the support of these same specialists. Another suggestion would be using analytic network process (ANP), Therefore, this method considers the dependence among the hierarchy structures. Thus, such condition could occur in the considered alternatives in the research, and can later be compared to the results of the ANP with the AHP regarding the compatibility index created by Saaty.
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